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Abstract 
The pseudo-code ranging precision is an important indicator of satellite navigation system. The current channel 
modeling and simulation of BOC signal receiver is still no general method for quantitative analysis. Based on this 
situation, in this paper the model of channel estimation is proposed based on ranging precision of BOC receiver, then 
relationship between the channel characteristics and pseudo-code ranging accuracy is derived, and the influence 
brought by different bandwidth of front-end signal and channel characteristics on the ranging accuracy is analyzed, 
finally the simulation is carried out on the software receiver. 
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1.Introduction  
With the development of satellite navigation systems, the measurement accuracy of current satellite 
navigation system for time synchronization has been requested to the sub-nanosecond order of magnitude 
[1]. BOC signal is a very crowded effective use of radio navigation frequency band when compared to the 
BPSK signal, and it has a better performance in the code tracking accuracy, multipath rejection and 
jamming [2]. While the BOC signal bring in promotion, broadening the signal band made more serious 
deterioration of channel characteristics and the impact of channel characteristics on high-precision 
ranging is more prominent, but most of the past research are carried out ignored the impact of channel 
characteristics. Ries had compared the advantages and disadvantages of different BOC signal tracking 
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algorithms[3].Fante and Julien had put forward a new BOC signal tracking algorithms, and in an ideal 
channel conditions tracking performance was detailed analysis[4] [5]. Adams[6] pointed out the SAW 
filter characteristics would affect the shape of the correlation peak on BOC receiver, but no quantitative 
analysis. Against this background, the relationship between pseudo-code ranging accuracy and the channel 
characteristics of BOC receiver is derived. Then the impact of non-ideal channel characteristics on the 
pseudo-code ranging accuracy is analyzed. And finally with simulate the channel characteristics using 
Butterworth filter, simulation is carried out on the software receiver. 
2 The estimation model of BOC receiver 
2.1The model of accuracy estimation  
BOC receiver time delay estimation accuracy equivalent model is shown in Figure 2. Where s(t) is the 
BOC signal from the antenna, w (t) is the thermal noise from the antenna aperture. Amplifier, frequency 
inverter and filters which caused the change of channel characteristics is equivalent to a low-pass filter 
hL(t) after a move in the spectrum. The solution of the mediation, including the satellite signal can be 
equivalent to a matched filter. 
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Figure2.The model of accuracy estimation 
The signal received by BOC receiver is: 
0(2 )( ) ( ) ( ) ( )j f tx t AD t c t e w tπ θ+= +
                                (4) 
 Where, A is the signal amplitude, D(t) for the data, c (t)is the BOC modulation code for the carrier 
frequency is f0, θ is the carrier phase, w(t)is the Gaussian white Noise for bilateral power spectral density 
equal to N0 /2 . Analysis of pseudo-code accuracy can ignore the impact of data and D(t) is constant 1.The 
channel band-pass filter is h(t) at any frequency, assuming the center frequency isf0, and it’s Fourier 
transform is H(f).The equivalent low-pass filter is hL(t) with Fourier transform HL(f). So the relationship 
is: 
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Order HL(f) = A(f) exp[jφ(f)], where A (f) and φ (f) are the frequency response and phase frequency 
response of filter.Considering the filter of ideal channel, that within a given channel bandwidth frequency 
response remains constant and the phase characteristics is linear, the absolute zero value ofthe filter itself 
can be summed to signal propagation delay, then the ideal channel filter meets A(f) = 1, φ(f) = 0. 
 Assuming BOC receiver is a linear system and there is no Doppler shift of carrier frequency f0 and 
carrier phase θ is estimated correctly, then the signal estimation model can be simplified as shown below, 
that is equivalent to the equivalent correlation function RC(t) of BOC signals through a low pass filter 
hL(t) 
2707Li Caihua and Li Pengpeng / Procedia Engineering 15 (2011) 2705 – 2710 Li Caihua et al / Procedia Engineering 00 (2011) 000–000 3 
L ( )h tC ( )R t
( )Sy t
 
Figure3. Simplified model of signal estimation 
   Output signal ys(t) in frequency domain is shown as follows: 
2( ) ( ) ( ) j fts Ly t AT G f H f e df
π∞
−∞
= ⋅ ⋅∫
                            (6) 
   Where G(f) is power spectral density for the BOC signal, T is integration cumulative time of the 
correlator. 
   Simplified model of noise estimation is equivalent to that the noise passes through the equivalent low-
pass filter after a matched filter firstly. 
   The autocorrelation function of noise yw(t) in frequency domain can be expressed as: 
2 2
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                          (7) 
2.2 Impact of channel characteristics on the  accuracy of delay estimation  
To analyze the impact of channel characteristics on accuracy of time delay estimation, we use early and 
late non-coherent code estimator which is the widely used. The structure of early and late non-coherent 
code estimator is shown below 
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Figure 4 Implementation structure of early and late non-coherent code estimator 
Estimation accuracy is determined by the phase detector gain Kd, the noise variance σr2 and loop 
bandwidth of the equivalent side Bn 
2 2 22 /r n dB Kεσ σ= ⋅
                                                            (8) 
   The detection amount γ (ε) of phase detector is: 
2 2( ) ( ) ( )E Ly yγ ε ε ε= −
                                                        (9) 
   Where: yE(ε)=x(τ0+ε+D/2)+υE, yL(ε)=x(τ0+ε-D/2)+υL, υE and υL are components of the noise, D is the 
spacing of early late code 
   As known by section 2.2 the equivalent model is: 
( ) 2( ) ( ) ( )b j f j fby AT G f A f e e d
φ π ττ
−
= ⋅ ⋅ ⋅∫ f                            (10) 
   Noise variance σr2 is expressed as: 
2 2{{ (0) [ (0)]} }r E Eσ γ γ= −                                         (11) 
   Reference to the variable features of Gaussian random and the derivation process of paper[9], σr2 is 
simplified as: 
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   Phase detector gain Kd can be expressed as: 
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Then accuracy is estimated as: 
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   The expression of PN code tracking accuracy on non-coherent estimator is much complicated, so we 
consider the ideal channel conditions which means A(f) = 1, φ(f) = 0, that the expression of accuracy can 
be simply to: 
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   Where: CS/N0 is ratio of the carrier to noise, and it meets CS/N0 = A2 / (2N0) 
   The expression(21) is the precision estimation formula of non-coherent estimator in case of ideal 
channel filter, which is the same to that described in thesis[10]. It shows the correctness of the proposed 
model. 
   With a given front-end signal bandwidth, the lower bound of code tracking accuracy  (ie, Cramer-Rao 
lower bound) has nothing to do with the interval of the correlator, and its expression is [12]: 
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  The simulation results indicate: 
z For the ideal channel conditions, the BOC receiver within a certain interval of the early late code, 
code tracking accuracy can be approximately close to the Cramer-Rao lower bound. But to some 
intervals of early late code, code tracking accuracy increases dramatically. Therefore, to code 
tracking device early late codes must be chosen away from this interval region. 
z 2) For ideal channel conditions, the pseudo-code tracking accuracy will change slightly when the 
signal bandwidth gets narrower, but will be relatively insensitive with the changes of the code 
interval in estimator. For non-ideal channel conditions, the pseudo-code tracking accuracy is 
extraordinarily sensitive with changes of the code interval in estimator, it means that it’s change of 
the channel characteristics that narrow the choice of code interval in estimator. 
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z Changes of channel characteristics will lead to a serious deterioration in pseudo-code ranging 
accuracy. When the interval of estimator d=0.1Tc, after simulate in channel characteristics, the 
accuracy is 2 to 3 times worse. And when d=0.2Tc, accuracy deteriorated 2 ~ 10 times. The error of 
estimated accuracy at this time could be significant if using the traditional formula. 
2.3 Simulation on software receiver  
   In this paper, we take Galileo's E6-P signal Sin-BOC (10,5) as an example to simulate on software 
receiver and to compare differences between the theoretical calculation and simulation on software 
receiver. 
   Firstly Matlab simulator generate Sin-BOC (10,5) modulated signal, and then signal through 
Butterwoth filter to act the channel characteristics. After Butterwoth filter it begins acquisition and 
tracking through the softwarereceiver, the final results of position resolution are carried out. Software 
receiver simulation process is show below. 
 
Figure 5 Block diagram of numerical simulation software receiver 
   Software receiver parameter is set as: CS / N0 is 40dBHz, sampling rate is 81.84MHz, code loop 
equivalent bandwidth Bn = 2Hz, correlator spacing d = 0.15. 1dB bandwidth of Butterwoth filter W1dB = 
30 MHz, stop-band WS = 35 MHz, stop-band rejection is 30dB. Theoretical calculations and simulation 
results are shown below. 
 
Figure 6 Theoretical calculations and simulation results under different CS / N0 
From the Figure6 above, we can see that the calculated value is compared with the simulation on 
software receiver so to illustrate the accuracy of the model. This model can be extended to analysis of the 
BOC receiver accuracy under any channel characteristics 
2.4 Conclusion 
The impact of channel characteristics on ranging accuracy on BOC receiver is quantitatively analyzed 
in case of any channel characteristics in this paper, and theoretical calculation and simulation software 
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accuracy significantly. So when design the BOC receiver, it is necessary to take the signal bandwidth, 
channel characteristics and the interval of estimator into consider. For non-ideal channel conditions, 
pseudo-code tracking accuracy is very sensitive to changes of the early and late code’s interval, so it has 
to ensure that channel characteristics of BOC receiver should be close to the ideal channel condition when 
engineering applications. This model can be extended to analysis of ranging accuracy on the BOC 
receiver under different tracking algorithms, also it works in jamming and multipath conditions 
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